ABSTRACT The mass of the black hole in the narrow-line Seyfert 1 (NLS1) galaxy RE J1034+396 is measured by tting an accretion disc and power-law to quasi-simultaneous optical, UV and Xray spectra. The ts favour accretion onto a low-mass black hole (M 5 10 6 M ) at 0.3-0.5 of the Eddington rate. They also prefer a disk viewed almost edge-on (75 from the disk axis). The implication of high accretion rate onto a low mass black hole supports the model where NLS1s are the Seyfert-scale analogies of Galactic Black Hole Candidates (GBHCs).
INTRODUCTION
A link between the full width at half maximum (FWHM) of the H line and the steepness of the soft X-ray ( 0.1-2 keV) spectrum has now been well established. It shows that the line-of-sight velocity of the Balmer line-emitting gas in the broad line region (BLR) is related to the observed strength of the soft X-ray component in active galactic nuclei (AGN). Boller, Brandt & Fink (1996) demonstrated that Nature discriminates against AGN with strong soft X-ray excesses and high velocity BLRs.
This trend was rst reported in a sample of ultrasoft X-ray Seyferts and quasars by Puchnarewicz et al. (1992) . It was subsequently con rmed by Boller et al. (1996) and in a sample of PG quasars by Laor et al. (1997) . Thus it is observed across a wide range of luminosities and, by implication, black hole mass, and is one of the most fundamental observed properties of AGN. 
The orientation-dependent model. (b) The mass-temperature model.
1.1. Orientation e ects versus the low mass black hole There are currently two popular hypotheses put forward to explain this correlation. The rst is a consequence of observing systems at di erent angles of orientation. The model assumes that the outer BLR is disk-shaped and co-planar with an accretion disk (AD). The inner edge of the AD is pu ed up by radiation pressure so that the soft X-rays are emitted anisotropically in a`funnel' along the axis of the AD (see Figure 1a ). Thus when viewed along the axis of the disk, the observed velocity of the BLR is low and the soft X-ray emission is high, and vice-versa. The second model is based on a property of standard AD models where the temperature of the inner edge of the disk decreases as the black hole mass (M) increases. Also, as M increases, the gravitational potential at any given radius increases. Thus assuming the BLR forms at similar distances in all AGN and that the BLR clouds have Keplerian velocities, the BLR velocity would be low when the soft X-ray emission from the inner AD is high, and vice-versa (see Figure 1b ).
DATA
We have begun a programme to test the hypothesis that the AD heating and slowing down of the BLR are due to the presence of a low-mass black hole, by tting the the optical to X-ray spectra of Seyfert 1s and quasars.
2.1. The narrow-line Seyfert 1: RE J1034+396 As the`prototype' for this programme, we have selected the narrow-line Seyfert 1 (NLS1) galaxy RE J1034+396 Puchnarewicz et al. 1998) . Using a combination of power-law and sophisticated AD models, we have tted quasi-simultaneous optical, UV and X-ray data of this AGN, to place realistic constraints on the black hole mass and accretion rate, and on the inclination of the AD. FIGURE 2. Reduced chi-squared ( 2 ) grids for the AD plus power-law models when compared to the observed data for RE J1034+396.
Optical to X-ray spectra
Three sets of data were used in the actual tting. A deconvolved spectrum of the nucleus in the 3500 A to 7200 A range, was extracted from a spatially-resolved optical spectrum, taken using ISIS on the William Herschel Telescope. A UV spectrum, covering 1100 A to 3300 A was taken with the Faint Object Spectrograph on the Hubble Space Telescope. Finally, a Beppo-SAX observation, obtained with the LECS and MECS instruments and covering 0.1 keV to 10 keV, was used to measure the X-ray spectrum.
Models
A combination of two separate components were used to represent the data, a simple power-law underlying the optical to X-ray spectrum, and the AD model used by Siemiginowska & Elvis (1997) . This AD model uses a sum of black bodies approximation to an AD, modi ed for the e ects of electron scattering. Kerr or Schwarzschild models for the black hole may be used and the e ects of a hot, Comptonizing corona around the disk may be included. Note that these are not ts' in the formal sense, since no parameters were allowed to be free. The powerlaw slope and normalization were xed, having been derived from the best-t to the optical and hard X-ray data. The AD parameters; inclination, black hole mass and accretion rate, were xed at the values described in the plots.
RESULTS
Reduced chi-squared ( 2 for 268 data points) grids are shown in Figure 2 . The models which compare most favourably are found for a black hole mass, M=5 10 6 M and an accretion rate of 0.4 _ m Edd at almost edge-on inclinations, 60-75 from the axis of the disk (ie. at cos(inclination)=0.25-0.5). Plots of the best-tting models are available on www.mssl.ucl.ac.uk/ emp/presentations/bologna/bologna.html at four inclinations (cos(inc)=0.25, 0.5, 0.75 and 1.0).
Over all inclinations, the grids show that relatively small black hole masses, between about 10 6 and 10 7 M , are preferred. The lowest 2 s, at the nearly edgeon inclinations, are for masses between about 2 10 6 and 8 10 6 M .
The best-tting models occur at the highest inclinations, ie. where the disk is preferentially edge-on. The best pole-on models require a very high accretion rate and still give a very poor t to the data.
The preferred accretion rates fall signi cantly as the inclination of the disk increases. For an almost edge-on inclination (ie cos(inc)=0.25), accretion rates between 0.3 and 0.5 _ m Edd provide the best t. The anti-correlation of accretion rate with inclination is a physical e ect predicted by the model. Relativistic e ects boost photon energy preferentially along the plane of the disk, so that as the viewing angle becomes more pole-on, higher accretion rates are required to produce the observed energy output.
DISCUSSION
While the relationship between the soft X-ray spectrum and BLR velocity is now signi cant enough to warrant a conference on its own, rm evidence to support any of the models has been lacking. In this paper, we have, for the rst time, explored the range of black hole mass, accretion rate and inclination which is favoured by high signal-to-noise, quasi-simultaneous spectra of the NLS1 RE J1034+396 using a sophisticated AD model plus a power-law. The results favour relatively high (but still sub-Eddington, _ m Edd 0:3 ? 0:5) accretion onto a low-mass black hole, in support of the GBHC analogy . They also prefer a relatively edge-on disk, which in turn suggests that any molecular torus in RE J1034+396 is relatively small in height, that it lies relatively further out from the centre, or that it does not lie co-planar to the disk and is relatively face-on to us.
